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© Photochromatlc and thermochromatlc compounds and their application In polymeric materials. .. 

© A description follows of photochrpmatic and thermbchromatic compounds, belonging to the group of spiro- 
indoline?oxazines, and their application in polymeric' materials.-'' . ' ' 
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.The present invention relates to photochromatic and thermochrornatic compounds, belonging to the 
group of spiro-indoline-oxazines, and their application in polymeric materials. \> 

" Photochromatic compounds are substances which have the characteristic of reversibly changing colour 
and/or degree of light transmission when exposed to certain types of electromagnetic radiations and solar 
light, returning to their original state of colour and transmission when the initial light source is removed. / 

There are many known substances having photochromatic characteristics, belonging to different groups, 
of both inorganic and organic compounds, as can be seen, for example, in the texts "Photochromism", by 
G.H. Brown (Ed.), Vol. Ill of the Weissberger series "Techniques of Organic Chemistry". Wiley Interscience, 
New. York (1971) and in "Photochromism. Molecules and Systems", by H. DUrr and H. Bouas-Laurent (Ed.), 
Vol. 40 of the series "Studies in Organic Chemistry", Elsevier (1990). : ; . |- 

, Among the organic photochromatic compounds, particularly weli-known are those of the group of spiro- 
indoiine-oxazines which are capable of giving photochromatic characteristics to polymerized organic 
materials, used as photochromatic articles, as described for exarnple in U.S. Patents 3.562.172, 3.578.602, 
4.215.610, 4.342.668. EP 146.135, WO 85/02619. EP 245.020, EP 134.633, EP 141.407 and in Italian Patent 
Applications IT 22529 A/87, IT 22660 A/89 and IT 19389 A/90 in the name of the Applicant. 

Known photochromatic compounds of the spiro-ihdoline-pxazine group, compared to other known 
organic 'photochromatic compounds (for example those belonging to the group of spiro-pyranes), have the 
advantage of having a much higher fatigue resistance . when submitted to repeated coloration and de- 
coloration cycles and a much greater aging resistance on exposure to solar light or in artificial aging tests. 

This behaviour is extremely advantageous for the above-mentioned uses. / 
- The photochromatic compounds belonging to the group of spiro-indoline-oxazines of the; known art 
cannot be used however in some polymeric materials such as high-density polyethylene, low-density 
polyethylene, ethylene-vinylacetate copolymer, poiyether amides such as, for example PEBAX (Atpchem). 

In these matrices, in fact the photochromatic compound tends to appear on the surface of the product 
causing a phenomenon known as "blooming"; , ' ' ; 

This draw-back prevents the above com pounds from being applied in various fields such as agricultural 
covering sheets, bags, packaging and generally in areas where the above polymers are used. 

: We have now synthesized, and this forms the. first aspect of the present invention, photochromatic and 
thermochrornatic compounds, belonging to the spiro-indoline-oxazine. group, having substituents composed 
of long alkyl chains, which overcome ^ known art. •'• . : 

A second aspect of the present invention relates to the photochromatic. polymeric compositions 
obtained by su 

; The compounds of the present invention can be defined with the following general formula (I):. 
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(I) 



wherein: ' , 

1) R represents a hydrogen , atom; a Ci-Cs alkyl group linear or branched; a C1-C5 alkyl group, 
substituted with from 1 to 5 halogen atoms selected from fluorine, chlorine, bromine and iodine, hydroxy 
groups, C1-C5 aljcyoxy groups, C1-C5 alkyl carboxy groups, cyano groups; a C2-C5 aikenyl group; a 1 . . 
phenyl group; a benzyl group; . . ■'/ 

2) R 1 to R 4 , the same or different, each independently represent a hydrogen atom; a linear or branched 
Ci-Cs alkyl group; a C1-C5 alkyl group substituted with from 1 to 5 halogen atoms selected from fluorine, 
chlorine/bromine and iodine, hydroxy groups, C1-C5 alkoxy groups, Ci-Cs alkyl carboxy groups, cyano 
groups; a C2-C5 aikenyl group; a benzyl group; a halogen atom selected from fluorine, chlorine, bromine 
and iodine; a hydroxy group; a C1-C5 alkoxy group; an amino. group; a mono-alkyl (C1-C5) amino group; 

a di-alkyl" (Ci-C 5 ) amino group; a cyclo-alkyl (C3-C10) amino group; a piperidino, piperazino or mor- . 



2 
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pholino group; a carboxyl group; a C,-Cs alkyl carboxy group; a Ca-Cs alkenyl carboxy group an. ann^.c , 
carboxy group: a substituted N-alkyl (C,-Cs) amidic carboxy group; a subst.tuted N.N-dialkyl (Ci-Cs) 
amidic carboxy group; a cyano group;, a.nitro group; a sulphonic group; a sulphonic alkyl (C,-Cs) group; 
a trifluoromethan-sulphonic group; a sulphonic aryl group selected from sulphonic benzene groups, 
sulphonic p-toluene groups, sulphonic p-6hlorotoluene groups; an ary| group selected from phenyl, 
biphenyl. naphthyi groups; an acyHc group of the ketone alkyl. ketone aryl or ketone benzyl type; ... 

3) two. consecutive: substituents from R 1 to R* can represent the fusion, sites with, other aromatic, 
heterocyclic or qulnonic rings; .'■ r 

4) R 5 and R 6 the same or different, each independently represent a linear or branched C r Cs alkyl 
group; a phenyl group; or R s : . and R s . together with the carbon atom to which, they are linked, jo.ntly. 
represent a C4-C7 cycloalkyl group; . ■: •• • v , 

5) F? represents a hydrogen atom; a linear or branched C,-Cs alkyl group; a phenyl group; a halogen 
atom selected from fluorine, chlorine and bromine; a Ci -Cs alkoxy group, a phenoxy group; . 

6) P represents a monocyclic or polycyclic arenic nucleus, of thf benzene, naphthalene, quinoline. 
isoquinbiine or cumarin type which can be respectively represented by formulae (II). (III). (IV). (V) and 

(vi):'" ',, '.. '<. ;: :". v ''- ■-" ,' : ^--''v.'v'y'/'-v ' . . ,r< .; 
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"Ta^ at least two cbntigubus-substituents from R« to R'V H« to tb R 28 ; Wto Rf . R^ to R«v 
represent the fusion sites with the oxazinic ring; . ; 
6b) the substituents from R 8 to R 41 have the meaning defined in point 2); . . ™ uc *2 

7) at least one. of the substituents selected .ff 9? "Ml^J ?5^.^™r 

:-.CONR«R« IcOR 4 *. OH-CH-R 42 . OH-C-R 42 R 4 3. -OR 42 , --NHR 42 . -NR 42 R 43 ,. "Sfl* 2 t -0-(CH 2 ) n: GOOR 42 . 
-0-(CH 2 ) -CONHR 42 -0-(CH 2 )-CONR 42 R 43 group, wherein n varies from 0 to 10 and R 42 and R can 
independently be a linear 6r branched ft-Cao alkyl group; a Cs-C 3 o alkyl group substituted with 1 ; 30 
"halogen atoms selected from ^ 

',' Substituents R'-R 41 may otherwise be groups represented by ; formulae (Vll)-(Xin): 
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wherein m is an integer from 0 to 10. . 
In the preferred method, in formula (I): 
" gloup^ SentS 3 methy1, ethy '' ^"f ' 2 - a »y'. 2-hydroxyethyi, 2-methoxy ethyl or 2-carboxymethylothyl 

. * !°*!: the f ame or differ f i each independently represent the hydrogen atom, a fluorine chlorine 
lino f m ' * methVL iSOpropy '' trifluoro "iethyl, hydroxymethyl. benzyl/ hydro^ mVS 
; ■ . Phenyl ^' n0 ^ 0 nph^ 

' wifh 3 ^" 6 ^ 9 s t me or d [ fferent ' each independently represent a methyl or phenyl group or together 
wrth the carbon atom to which they are linked, jointly represent a cyclohexyl group; ~ 9 
" p re P resents the hydrogen atom, chlorine atom or phenyl, methyl or methoxy group; ^ 

- P is one of the groups with a formula from (II) to (VI) wherein- v 

- two contiguous substituents from R* to R< 3 , R ,4 to R 21 , R 22 to R 28 R 3 ° ' to R 35 R 3S to r+i 
^"ffinT-? ^ fuSi ° n Sites - the oxazinic ring in the genera, formula (!) and L 
mS!; -W ' ' ndep ^ n ^' re P resent the hydrogen atom, a fluorine, chlorine or bromine atom a 
ohoS ' hVd^ethyl, benzyl, hydroxy, methoxy. amino, piperidintmor 
group? Cart>0XV,i Cart?PXymethy '' N.N-dimethylcarboxyamide. cyano. nitro. phenyl, acetyl or benzol 

- two contiguous sustituents from R 8 to R 13 , RH to R ZI , R 22 to R 23 , R 30 to R 35 , R 36 to R" reoresent th« 
fusion sites with a benzene or quinone ring; ■ , represent the. 

"sollrfir 5 *™ °! the , sub ^ents from ffai represents what has already been described in point 7) 
-^StfS?' P^f ~r»a«c compounds accordlng.tp the p^sent invention, at" 
KST^ I2H indo.e- 2 ,3H3H]-naphth- : 
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1 .3 : dihydrp-9:-dodecylbxy-1 ,3,3-trimethyi spiro [2H ind6l^2!3>[3Hhnaphth-(2,1 b)-(1 ,4) oxazine] (lb); 
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(lb) 



1 ,3-dihydrb-9 , -(bctadecyl^^ ,3,3-trimethyf spiro , [2H indole-^ b)r(l ,4) ; 

oxazine] (Ic), . \ ... • " r 
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Compounds (I), of the present invention can be prepared by the reaction of a nltroso derivative 'of, the 
compounds having formula (II), (III), (IV), (V), (VI), wherein two contiguous substituents .from R 8 to R 13 ; from 
R u to R 21 , from R 22 . to R 28 , from R 3 ?. to R 35 , arid from R 3 ? to R 4 | represent one a :N = d group and the 
other a -OR 4 * group, wherein R 44 is a hydrogen atom; a metallic cation selected from sodium, potassium, 
lithium and copper cations; an ammpniurri or dialkyl (C1-C5) Ammonium cation; 4 carbbnyialkyl (Cy-ftj; 
group; an alkyl (C1-C5) sulphonyl group or.. an aryisuJphonyl group; with a compound having formula (XIV): 
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(XIV) 



wherein the substituents from R to R 7 have the above-defined meaning. 
75 . The nitroso derivatives of comjDOunds (II), (III), (IV). (V), and (VI) can be prepared using the known 
— ; ; methods described in Organic Synthesis Collective, vol. 3, page 411 or in U.S. Patent 3.285.972. 

Compounds (XIV) can also be prepared with the known methods, as described in Journal American 
Chemical Society (1941), 63, page 2024 or in Bull. Soc. Chim. Frac (1968), page 2066. 

The reaction is generally carried out by adding compound (XIV) to a solution or suspension of the 
'■ 20, nitroso derivative of one of compounds (II), (III), (IV), (V) or (Vi), in an inert organic solvent, possibly in the 
presence of a secondary or tertiary amine, operating at a temperature ranging from 0 to 150' C and 
preferably from 0 to 80 * C, for periods of 1 minute to 24 hours. 

The inert solvents which can be used for the reaction can be selected from aliphatic or aromatic 
hydrocarbons (such as pentane, hexane, heptane* benzene, toluene and xylene); chlorinated aliphatic or 
25 aromatic hydrocarbons (such- as dichlpromethane, 1 ,2-dichlqroethane and chlorqbenzene); aliphatic or 
aromatic ethers (such as diethyl ether, tetrahydrofuran and diphenylether); alcohols (such as methanol, 
ethanol, isopropanol and n-butanol); esters (such as ethyl acetate); amides (such as dimethylfbrmamide); 
• nitrites (such as acetonitrile); carbonates (such as dimethylcarbonate); and water; 

In the reaction, the nitroso derivatives of compounds (II), (III), (IV), (V) or (VI) can be used in quantities; 
30 ranging from 0.1; to 10 .moles for each mole of compound (XIV); but preferably; with equimolecular 
= quantities. 1 ' I'. : v. y:<s : .' •' . V'"-: '!"'• ' r: '' v " v '" :,: : ] '• V 1 '-''/; 

When the reaction is carried out in the presence of a tertiary amine, this can be used in quantities of 0.1 
to 2 moles for each mole of nitroso derivative, but preferably equimolecular quantities are used. 

Examples of tertiary amines suitable . for the. purpose are: : triethylamine, pyridine,- 4-N,N- 
35 dimethylaminopyridine, N-methylpiperidine and N-methylmorpholine. 

When the reaction is carried out in the presence, of a secohdary amine, this can be used in quantities 
ranging from 1 to 10 moles for each mole of nitroso derivative, but preferably from 2 to 5 moles. 
, > . Examples of secondary amines suitable for, the purpose are: N-2-hydroxyethyipiperazine, £J-2- 
aminoethylpiperazine and those described in EP Patent 245.020 and in IT Patent Application 22528 A/87 in 
40 ■". the name of the same Applicant. 

Alternatively, compounds (I) of the present invention can be prepared by the condensation of com- 
pounds having formula A, with a structure defined by the general formula (I), wherein the substituents and 
the nucleus P represent what has been previously described except for point 7) and at least one of the 
substituents from R-R 41 represents a hydroxy group, an amino group, a monoaikylamino group, an SH 
45 group directly linked to the spiro-oxazinic nucleus, by means of jgroups having formula -0-(CH 2 )n-, wherein 
' n is an- integer from. 0 to 10, or by means of groups having formula (yil)-(Xlll); with compounds having 
formula R 45 -CO-R 4 *, wherein R 4 f represents a linear or branched C s -63 0 aikyi group, a Ce -Cao alky! group 
substituted with 1-30 halogen atoms selected from fluorine, chlorine, bromine or iodine or a linear or 
branched Cg-Cso alkenyl group and R 46 represents a linear or branched Ci-Cs alkoxy group, a hydroxy 
50 group, a halogen atom selected from chlorine, bromine or an imidazolic group. 

The condensation is carried out under the conditions described in literature for the preparation of 
derivatives of carboxylic acids. 

Compounds (I) , of the present invention can also be prepared by the reaction between compounds 
having formula A, wherein the substituents and the nucleus P represent what is described above, and 
55 compounds having formula R 45 -X, wherein R 4 * represents what has already been described and X is a 
halogen atom selected from chlorine, bromine or iodine, an acetate group, a methanesulphonate group or a 
p-toluene-sulphonate group. 

> In this case the reaction is generally carried out by mixing- the reagents in a solvent or mixture of inert 

'• " ' . 6 



EP 0 524 692 At 



solvents, possibly in the presence of basic compounds and/or phase ■ transfer catalysts, operating at a 
. temperature ranging from O to 200*C, preferably from 10 to. 120 * C, for periods of 1 minute to. 48 hours/ 

,. Inert solvents which can be- used for [ the reaction, can , be selected frorri aliphatic or .aromatic 
hydrocarbons (such as pentahe, hexane, heptane, benzene, toluene and xylene); chlorinated aliphatic or 
5, aromatic hydrocarbons (such as. dichlorpmethane, ... 1 ,2-dichlorbethane. and chlorbbenzene); aliphatic or 
aromatic ethers (such as diethyl ether, tetrahydrofuran and diphenylether); alcohols (such as methanol, 
. .ethanol, isopropanol arid _ n-butanol);; amides ^ (such as-- dimethyiformamide);.' ketones (such as acetone); 
nitriles (such ^ as •acetonltrije);. dimethylsulphdxide;- water; mixtures of". at' ' 'least' -one "of . the 'above . organic' 
solvents - \ 

to Compounds having formula A, intermediate products for the preparation of compounds (I), are prepared 
; : according to! the procedure described ih Patent Applicati IT 22528 A/87 in th£ name of the.AppNcant: ... 

1 Compounds having formula R 45 -X can be used in quantities ranging from 1 to 10 moles for each mole 
f of the compound having formula A but preferably from 1 to 5 mojes r ' ' 

When the reaction is carried but In the presence of basic combburidSi these, can be used in quantities 
;5 of 0.1 to 10 moles with respect to the cpmpbund having formula R 45 -X but preferably from i tti 5 moiesi . 
• Examples of basic compounds suitable for the purpose are: carbonates arid bicarbonates of alkaline or 
earth-aikalipe metals, such as sodium carbonate, potassium carbonate and calcium carbonate; tertiary 
" amines' such as triethy [amine, pyridine, 4 r N,N<imethylaminopyridir^^^ N-methylmor- 
pholine; hydroxides of alkaline or earth-alkaline metals, such as sodium hydroxide, potassium hydroxide and 
20 calcium hydroxide, and mixtures of said compounds. V . t 

When the reaction is carried out under conditions of phase-transfer catalysis, the known methods may 
. be used such as those described in ;. "La Chimica e rindustria", vol. 69 n.9, pages 94-98 (1987) and in the 
; references cited therein 1 
. / A further; method for the synthesis of compounds having formula (I) involves a condensation reaction 
25 between compounds having- formula B, with a; structure defined by general formula (\), wherein -the.- 1 
substituents and the nucleus P represent what has been previously described except for point 7) and at 
least one of the substituents from R-R 41 represents a COR* 7 group directly linked to the spiro-oxazinic 
nucleus, through groups having formula -0-(CH 2 )n-, wherein n is an integer from 0 to 10, or through groups 
having formula (VII)-(XIII); R 47 represents a hydroxy group, a linear or branched Ci -C$ alkoxy group, ah 
30 imidazolic group, a halogen atom selected from chlorine or bromine, and compounds having the formula,. 

R 48 -NH 2 ,R 48 -R 49 -NH, R 48 -OH, R 48 -SH. wherein R 48 and R 49 represent a linear or branched C 6 -Cao alky I 
/.. <■. group, a Cs-Cao alkyl group substituted '"with - 1 -30^ halogen atoms selected from fiuprine. chlorine^ bromine or 
iodine; a linear or branched Cg-Cso alkehyl group. . • ■ 

• --: • The , condensation- is ' carried out under. the /conditions ' described in literature for the preparation^ of. 
35 derivatives of carboxy lie acids 1 • 

, ' : In general, the products (I), synthesized according to one of the methods mentioned, are isolated using 
the normal techniques, such as for, example, evaporation of the solvent under vacuum with subsequent 
'purification of the raw prodgct obtained by crystallization or chromatography. ; .v...; '-;'v\\ 

Solvents suitable for crystallization include pentane, hexane, heptane, toluene, ethyl ether, methanol, 
40 ethanol, isopropanol, n-butanol,: tetrahydrpfurari, acetone, methylethylketone, ethyl I acetate, dim ethylcar-, , 
bonate, acetonitrile and the relative mixtures of one or more of these. , 

Compounds (I) of the present invention are colourless or yellow, orange or red^coloured crystalline 
products. >■ v 

Their solutions in common organic, solvents, .when not exposed to. light sources, are colourless or. 
45 slightly yellow or yellow-orange coloured./ I. . /\J.'^,- 

• H When these solutions are exposed to a source of light (both visible and ultraviolet) they rapidly acquire 
a dark yellow, yellow-orange, red, blue br green colouring. ; " ; :V;" ■ 

The colouring rapidly diminishes when the light source is removed 

The compounds having formula (I) can be applied either superficialiy or incorporated in the required 5 
so articles, using the, known techniques hereinafter described. v 

v Some polymeric ' photochrbiTiatic products can be obtained with mbulding techniques (for example 
injection or compression mbulding) starting from suitable polymers in which the phbtochromatic compound 
is homogeneously dispersed in the mass- : ■<>■ y> - ' - . \ '/"' :'' .-. 

Alternatively the photochromatib compound can be' dissolved in a suitable solvent, together with. the 
55 polymeric material (such as polymethyl methacryjate, polyvinyl alcohol; polyvinyl butyral, cellulose . or, 
epoxy, polysiloxanic or urethanlc resin acetate butyrate) and deposited on a transparent support to form, 
after evaporation of the- solvent, a photochromatic cbating. ' •' ■ 

The photochromatic compound can also be added to a polymerizable monomer, for example methyl 
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methacrylate, so that, after polymerization carried out in the presence of a suitable initiator, such as 
azobisisobutyronitrile, they are uniformly incorporated in the resin formed. 
' - According to another procedure, the photochromatic compound can be dissolved in a. suitable solvent, 

~ : in the presence of a resin, as described above, and a photochromatic film or plate containing the 
5 photochromatic compound uniformly dispersed can ^>e formed from this solution; by evaporating the 

■* solvent.' ' : ' ' . •■ *';■- :' . "". ' . - ' ■ . : ' 

Finally the photochromatic compound can be applied to a transparent substrate (for example polycar- 
. bonate, polymethyl methacrylate or pdlydiethylene glycol bis(allyr carbonate)), by surface impregnation . 
' obtained, by putting the . substrate in contact with a solution or dispersion containing the photochromatic 
id- compound, at a suitable temperature. 

; Compounds (I) of the x present invention have the characteristic of being able to be successfully 
incorporated, in mass or using one of the above techniques, also in polymers such as high density, 
polyethylene, low density polyethylene, ethylene-vinylacetate copolymer or polyether amides whereas the 
compounds of the, known art,' in these substrates, tend to appear on the surface of the prddudt making it 
75 consequently unusable.: : ' .> . { " : '.'.V '■' . 

• The experimental' examples which folldw illustrate the present inventiph-'but do not. limit it. in any way.. y 

EXAMPLE 1 ; ;■ ■ : . ';;'/, ' ;' . \ . ■; . ; ; , ■ ' v \\ ^ : • ''' ; \ . • ^ - 

. . ; 20 Preparation of l^-dihydro-e'-N^-hydroxyethyl) piperazino-1 ,3, 3-tri methyl spirb [2H indbie-2,3W3H]-naphth- 
(2,1b)-(1,4) oxazine (A1). / • -, ; . : T 7 "' .' ■ ; ' : >' 




(Al) 



20 g (153.8 mmoles) of N-2-hydroxyethyl piperazine and 5 g (28,9 mmoles) of 1,3,3,-^6^1-2- 
methylehe iridoline are added,' under a nitrogen flow, to <a suspension of a-riitrose /3-naphthol (TO g, 57.8 
mmoles) in toluene (150 ml). 

The resulting mixture is heated for 4 hours and 30 minutes before removing the solvent with a rotating 
evaporator. 1 ' 

120 ml of methanol are added to the residue and, after heating to reflux temperature, the resulting 
mixture is kept for 12 hours at room temperature. '. 

/The solid which has formed is filtered away and the limpid solution is dried at reduced pressure.. < 
The residue obtained is dissolved in 120 ml of methylene chloride and the resulting solution is washed 
with 350 ml of water. . 

The ' solvent is removed from the organic phase, anhydrified on sodium, sulphate, by means of the . 
rotating evaporator/ ■•• ■ 

The residue is dissolved under heat in 20 ml of methanol and the resulting solution is kept for 2 hours 
at room temperature. " 

A precipitate is formed which is filtered. on buchener and washed with fresh methanol. \ 
3.5 g of a greyish-white product are obtained which is used without further purification. 
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It was characterized as follows: ' 

- m.p. (measured in Differential Scanning Calorimetry or DSC): 168.2 * C. 
- - Mass spectrometry (m/e) ion [MH]* 456 V 

- 1 H-(MMR (200 MHz, CDCI3-TMS) 5 (ppm) 1.33 (6H,s, 2 CH 3 in 3), 2.5-2 9 (10H, m, NCH 3 , OH arid 6H 
aliphatic); 3.0-3.15 (4H, m, H aliphatic); 3.65 (2H, t, -CH 2 OH); 6.55 (1 H, d, H in 7); 6.58 (1 H, s, H in 5'); 
6.87 (1 H, t. H in 5); 7.07 (1 H, d f H in 4); 7.1 9, (1 H, t, H iri 6); 7.34 (1 H, t, H in 8'); 7.53 (1 H, t, H in 9'); 

t 7.61 (1H, s, CH on N); 8.0 OH d, H iri f)\ 8.52 (1H ( d, H in 10'). ' ; f 

EXAMPLE 2 , '• A ^■S^Jj:.^;r; C ^ V" ':■ I-:-./ : ■')'.■' . - ^ ' [^'-^'[^J^:'' 

Preparation of 1,3-dihydro-6 y -N[2(octadecanoyioxy)ethyl] piperazino-i ,3,3-trimethy) sp iro [2H indole-2«3'- 
[3H]-naphth-(2,1b)-(1 ,4) oxazjne] (la) : " - ~ •; ; " : . \ ' ' " . ,. ■ v -v " " ^ ; : ■/; 

1 ml of triethylamine and 0.81 ml (0.73 g = 2 4 mmoles) of stearoyl chloride are added to a solution of 
15 1 .S-dihydro-S'-N^hydroxyethyl) pipefazino-1 ,3,3-tn methyl spiro [2H indole-2,3'-[3H]-naphth- (21b)-(1,4) 
oxazine] (AI) (1g, 2,2 mmoles) in toluene (20 ml) 

3 ml of triethylamine and 1.4 . ml pf/acyl chloride are. added to the reaction 
■ : ;• ' hours. , ' . 1 . ; : ■;• v M * " ' - • 

; After. an hour at room tempera^ with 60 ml of 3.5% fsiapH. ' V- v!;. \ 

20 An emulsion is formed which is extracted 4 times with 100 ml of methylene chipride. - • ■ v 

The reddish-purple coloured organic extracts are put together and . an hydrified oh sodium sulphate; 
After the anhydrifyihg agent has been eliminated by filtration, 5 g of silica are added to the limpid 

I-' J.:. : - Sojution. , r /W. ■■'[]' i\~ \'if.p$;<&'?.- , -fe^O ?\' =0- !>* ; ^V^.-vi! :• a£<-< / ; - ./..''■ Ji : -'vVi/j';.' ' >". : - > "'- 

. The solvent is removed from the resulting suspension by the rotating evaporator, and a blue powder is : 
25 obtained, which is changed into a giass column containing 3 g of clean silipaJ^. '*r£^-$k& 1 . / ^ 

The silica column is eiuated with 1 26 ml of ethyl acetate; and a reddish-purple ^ from 
which the solvent is removed by means of the rotating evaporator. V. 

Upon recrystallization of the residue with hexane (15 ml), 1.1 g of si white product is obtajned.V: 
It has been characterized as foiipWsi'^f V:/\; : V>-" : rO;^V p>f;;y] Ljv fet^ 5 -^^ V-X-] ; - • .' ' - v : > ... ■ 
<-i 30 Y,-. Mass spectrometry (m/e); ion [MH]*: 722; .. '■■*/";-.; 7 Y, J \V;.: ' - V Y Y : v; • 

- 1 H-NMR (200 MHz, CDCb-TMS) 5 (ppm) 0 85 (3H, t, CH 3 of the aliphatic chain); 114-14 (34H, m f 
■ ( :&;f : aliphatic chain plus; 2 methyl groups in; 3); 1 .5-1 .7(2H t m, -pf-fe-CH 2 -000-); 2.3 (2Ki, X : Cri2-COO-j; v 

' V i • 2.67-2.86 (9H, m, NCH 3 and 6H aliphatic); 3.0-3.2 (4H, m , -(5R 2 )2 N); 4.24 (2H, t, CH 2 OCd); 6.55 (1 H, 
d, H in 7); 6.57 '(tH, , >; : Mln 5'); 6.87 (1H, t, H in 5); 7.07 (1H, d, H in 4); 7.1 9 (1 H, t; H in 6); 7;34 (i H, 
t, H in 8'); 7 r 52 (1H, t, H in 9'); 7.6| (1H, s, CH on N); 7.99 (1H, d, H in 7'); 8.52 (1H, d, H jh" : 'l0 r j. 

example 3 ":• • 1 • ' ; /' !, -; : ' '\'} "■ • ' 'V \ •". "!- \\ V ; " v/v ; ',' : - ' 

; Preparatibn . of . 1 ^-dihydro-Si'-dbdecyloxy-l ,3,3-trim ethyl spiro, [2H ihdoiB-2,3^[3H>haiphm-(2 f 1 b)-(1 ,4) :■ 
40 oxazine] (lb). ~ ' — , ~ ~ • ■ " .... ' - - - , ■ — . . ■ 

• ..." 2 ml of triethylamine, 1 mj (4.16 mmoles) i of 1-bromb dodecane and 0.2 g of N92CO3 are added in this 
order to a suspension of 1 ,3-dihydro-9'-hydroxy-1 ,3,3-tn methyl spiro [2H indole-2,3 , -[3H]-naphth-(2,1 b)-(1 ,4) 
oxazine] (prepared according to JP 90/41 ,388) (350 mg, 1 mmole) in toluene (5 ml) 
45 The resulting mixture is heated to reflux temperature for 8 hours and, after one night at room 
temperature, 10 ml of water and 10 ml of toluene are added t : ^ ;./. 

When the phases have been separated ^ the organic phase is washed with a further 10 ml of water and 
then anhydrified on sodium sulphate. • / , ' . 

V., On eliminating the solvent at reduced pressure, a residue is obtained which is crystallized with hexane . 
50 : - (10 ml). • :'• \. ■ \ \ ■" ■ ■■' :: /"-S^.."* y\ ' '\y 

230 mg of a white product are obtained 
It was characterized as follows 

- Mass spectrometry (m/e): ion [MH]*: 51 2. ' ; / ; . ■ ■ 
■ T- : 1 H-NMR (200 MHz, CDCI3-TMS) 5/ (ppm): , 0.86 (3H, t, CH 3 of the. aiiphatic chain); 1-2 (26H, m, W 

55 aliphatic); 2.73 (3H, s, NCH 3 ); 4 ; 15 (2H, t, -CH 2 6); 6.55 (1H, d, H in 7); 6.81 (1H, d, H in 5 ; ); 6.87 (1H, . 

t, H in 5); 7.01 (1 H , dd with J metha, H in 8'); 7.06 (1H, d, H in 4); 7,19 (1 H, dt with J metha, H in 6);' 
7.54 (1H, d, H in 6 f ); 7.59 (1H; d, H {^.7'); 7.69 (1H, s. CH on N); 7.81 (1H, d with J metha, H in 10'). 



35 
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EXAMPLE 4 , . ; 

Preparation of 1 t 3'dihydro-9Xis6butyloxyacetate)«1 t 3 t 3'trimethyl spiro [2H indole-2,3H3H]-naphth-(2,1b)- 
(1,4) oxazine] (B1). ' ; 



5 



10 



15 




V : ; - 3 (si) 



3 g (55 mmoles) of sodium methylate are added to a suspension of 1 .S-dihydrd-O'-hydroxy-fAS- 
trimethyl spiro [2H indole-a^'-fSHl-naphth^.lb)-^ ,4) oxazine] (prepared according to J P 90/41,388) (17 g, 
50 mrholes) in isobutylic alcohol (60, ml), kept und^r a nitrogen flow at 80 # C. 9.2 g (55 mmoies).of ethyl 
20 fcromo acetate are added to the dark solutibh obtained. 'v v • 

The mixture is then heated to 80 ° C for 1 hour before adding 30 ml of toluene necessary for dissolving 
the precipitate which has forrned. ; ; ; ; ,; ' ; v./.'" 

After a further hour at 80 *C, the reaction mixture is cooled to room temperature before adding 50 ml of 
water and 3 g of active carbon: . ; > : - ''; > , .;' 

"25 The resulting suspension is filtered and the organic phase is separated from the aqueous solution. 

The solvent is removed from the organic solution obtained with the rotating evaporator and the residue, 
crystallized by adding 50 ml of ethyl alcohol. A • V, "V > 

16 g of a yellow product are thus obtained, ■//'•y 'f"'-\H'/' ;' : x.-; ;. ' •' '"• ' * \; ''■}% ■ <y. / 

It was characterized as follows: * J ' : : y ■../' ''[:.'."'/■' \;;V ' V\- "/. 

30 - Mass spectrometry (m/e): ion [MH] : 458. , '\ * * 

; ; • -V 1 H-NMR (200 MHz, CDCia-TMS) 5 (ppm): 0.92 (6H, d, the CH 3 of the isobutyl. group); 1.32 (3H,s a 
' CJrt in.% 1^3 0HiVa CHa V Jn; 3); 2.0".(1 H" m." CH of the isobutyl group); 2.73 (3H, s, NCH 3 ); 4.03 
• ; (2H, d, -CH 2 - of the isobutyl group); 4.83 (2H, s, -O-CH2-COO-); 6.155 (1 H, d, H in 7); 6.83 (1 H, d, H in 
>• 5'); 6.87 (1H, t, H in 5); 7.04-7.23 (3H, m, H in 4, H in 6 and H in 8'); 7.55 (1H, d, H in 6'); 7.64 (1H, d, 
35 H in 7 V ); 7.67 (1H, s, CH on N); 7.8 (1H t d with J metha, H in lO 1 )/: 

example 5 ' ; • ' . ■"'■:.--:yr: 

^Preparation of 1 ,3-dihydro-9 , -(octadecyloxyacetate)-i ,3,3-frimethyl spiro [2H irido!e-2,343H] naphth-(2,1 b)- 
46 (1,4) oxazine] (Ic) . 

0.33 g (1.2 mmoles) of steary lie alcohol and 25 mg of tin d i butyl, dilau rate are added to a solution of 1,3- 
dihydrb-g'-Osobutylbxyacetateli-l ,3,3-trimethyl spiro [2H indoie-a.S'-tSH] naphth-(2,1 b)-(1 ,4) oxazine] (B1 ) 
(0.5 g, 1.1 mmoles) in toluene (10 ml). -1 
45 The resulting solution is heated to reflux temperature for 15 hours continuously distilling the solvent and 
replacing it with fresh toluene.. y ' . : ' 

The solvent is '. then removed from the resulting mixture in thd rotating evaporator and the residue is 
recrystallized with isppropylic alcohol. > ; .' 

. The solid is filtered on bOchener arid then washed with isopropanol and methanol. 
50 0.6 g of a white solid are thus obtained. 

It was characterized as follows: * '-".'•'■*'.'• 

- m.p (measured in Differential Scanning Calorimetry or DSC): 72.7* C. > ' 

- Mass spectrometry (m/e): ion [MH]* : 654. 

- 1 H-NMR ~(20P MHz, CDCI3-TMS) 5 (ppm): 0.85 (3H, t f CH 3 of the aliphatic chain); 1.1-1.4 (36H, m, 6H 
55 \ of the two methyls in 3 and 30H of the -CH 2 - of the aliphatic chain); 1.68 (2H, t, -CH 2 -CH 2 -p-); 2.73 

(3H, s, NCH3); 4.22 (2H; t. -CH2OCO); 4.81 (2H, s, -6-CH2-COO); 6.55 (1H, d, H in 7); 6.84 (1H, d, H 
in 5 f ); 6.87 (1H, t, H in 5); 7.07 (1H, d, H in 4); 7.13 (1H, dd with J metha, H in 8 f ); 7.55 (1H, d, H in 
6 1 ); 7.64 (1H, d, H in T); 7.68 (1H, s, CH on N); 7.8 (1 H, d, with J metha, H in 10 f ). 

10 • , • 
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EXAMPLE 6 • .. ... .. V. .;. - : .... , J." ',, . ■ ■ 

Four mixtures are prepared (n. i-4 in Table 1) composed of low density polyethylene in granules 
(Riblene CF 2200 U - Eriichem), of the stabilizer UV Chimasbrb 944U (Ciba Geigy) and, in cases 2, 3 arid 4 
respectively, of photochromatic 1 compounds Al, la and the compound 1 ^-dihydr^o^'^iperidino-l ,3,3-; 
trimethylspiro [2H !ndoie-2,3 , -[3H]-naphth-(2,1b)-(1 l 4) oxazine] in the weight ratios specified in Table 1 

• ■ V ... '• ••• ■ ■ !'.'•• : ' '•: - T TABLE 1 < -":' ;; - • :> r : \r">. : "\ . 



10 



15 



: Mixture 
number 


UV stabilizer (% w/w) 


Photpchromatic : compound (% w/wj 




0.2 




...... 2 :: \ 


. 3 : 0.2 „ ' . 




, .' 3'., v 


A>\- 0.2:};;; . 


0.175 









20 



30 



35 



40 



The photochromatic^ compounds were used in different weight ' quantities to obtain equal molar V" 
concentrations. • , > , .. J v .."v V ' ; ' '"'■■ A ' r ■■ ' : " : . ■ V^MU'ivV ■■. = . "' .V'.- ' 

The mixtures obtained were transformed into films with a thickness of 150 um by means of extrusion. 
• the > extrusions were carried out in a Pjasticorder 0rabender equipped with a 19 mm diameter barrel: 
• ' The temperature profile aldng th^ 1 90 C > 200? C - 210^ C. > • '■*,. , -V -7 

The photon evaluated by visual inspectiph, immediately after preparation ; 

and then replaced in darkness. * ' < " ' ' ', ' " • . ' \ ^ ' ^ ' • ; \; ; ;.:i : y _ ; ! •': . ' ' _ 

i 1 '- > : The evaluations were repeated after 7 and after 66 days. The results are shown in Table 2 ; • ^ 

; ■ . - ' "'V./ ! • ' 'v ' ■ TABLE2 ' k "' ' ' ' : • ; «, : • r ' ' 



Mixture 
number 


Evaluation 
immediately after 
film preparation 


^ Evaluation after s^ven days f ; 


" ; Evaluation after sixty days 


1 


Transparent j 


Transparent, homogeneous film 


Transparent, homogeneous film 




' ' « ./ '■*. • •' ■" C ■? ' 




Very evident blooming, J 


3'-'>''. 


" ' n. : ,- s ■.">: \ 




Transparent, h pmogeneous film 


V,, 4; 


. * n • ,■ ■ ■ ■■ ■ " ..i>' - ! 'J t . V- 


Traces of blooming ' y. 


Very evident blooming 



-.Blooming has a negative effect .on the photpchromatic activity of the product, as can be seen in Table 3 
which shows the optical density values (D.O.) of the film at 358 nanometres (hm) (l ma x of the colourless 
45. : form)- and! the ; transmjttance percentage variation at 25* C. (DT) between ,400 and 7d0 nanometres , 
associated with the activation process ! 



TABLE 3 



50 



55 



Mixture 
number 


D^O. (358 nm) 


DT (25 • C) 


2 


0.458: 


. 0.57 


,: 3 ; 


0.573 


18.52 


.V"4 


0.468 


. 6.79 



The films were activated by irradiation for 30 seconds with a UVA laihnp with an irradiation of 9 W/m 2 : r 

" ■ . " ■ ■ ' • • ''. . : • 11"! . * ' . * . ' • " ; 
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The 0.0. and DT measurements were carried out with a HP 8452A spectrophotometer with a 
photodiode array detector. , • . ' 

'Claims; 

1. Photochromatic and thermpchromatic compounds, belonging to the group- of spirb-indoline-oxazines, 
which can be defined with the following general formula (I): • 



10 



& £ 

CD 



20 




7 P \ 



*■ '.' •'; wherein: . ; ' ' ' ' y i v " ' ; ~ v' ;• "'■ " ••. ... Y" -\ '. • , :;'.y* : * '." V ;i ' / 

1} R represents a hydrogen atom; a linear or branched C1-C5 alkyl group; a C1-C5 alkyl group 
substituted With 1 to 5 halogen atoms selected from fluorine, chlorine, bromine and iodine, 
25 ; hydroxy groups, Ci -Cs alkoxy groups, . Ci -C5 alky ( carboxy g roups, cyano groups; a; C2-C5 aikenyl 

I group; a phenyl group; a benzyl group; : ; . V : - . , 

■'■ 2) R 1 to R*f the: same or different/ each in hydrogen atom; av linear; or 

branched. Ci -Cs alkyl group; a C1-C5 alkyl group substituted with 1 to 5 halogen atoms selected " 
from fluorine, chlorine, bromine and iodine, hydroxy groups, C1-C5 alkoxy; groups, C1-C5 • alkyl; 
30 carboxy groups, cyano groups; a C2-C5 aikenyl group; a benzyl group; a halogen atom selected 

from fluorine, chloririe, bromine and iodine; a hydroxy' group; a Ci-Cs alkoxy group; an amino group; 
a mpno-alkyl (C1-C5 amino group, a di-alkyl (C1-C5) amino group; a cyclo-aJkyl (C^-Cib) amino 
. group; a piperidinb, piperazino or morphojino group; a carbbxyl group; a Cr-65 alkyl carboxy group; 
• a C2-C5 aikenyl carboxy group; an amidic carboxy group; a substituted N-alkyl (Ci -Cs) amidic 
35 carboxy group; a . substituted N,N-dialkyl (Ci -Cs) amidic carboxy group; a cyano group; a nrtrq 

. group; a sulphonic group; a sulphonic alkyl (C1-C5) group; at trifluoromethan-sulphonic group; a • 

sulphonic aryl group selected from benzene sulphonic,, p-tpluene sulphoni^^ 
phonic groups; an aryl group selected from phenyl, bipheny I, naphthyl groups: an acy lie group of the, 
: alkyl ketohic, aryl ketoriic or benzyl ketoriic type; : ■ ^ ('•'..•":' 

40 ) 3) two consecutive substituents from R 1 to can represent the fusion points with other aromatic, 

heterocyclic or quinonic rings; . 

4) R s and R s , the same or different, each independently represent a linear or branched Ci-Cs akyl 
group; a phenyl group; or R 5 and R 6 , together with the carbon atom to which they are linked, jointly 
' represent a C+-C7 cycloalky I group; ' * . ■ '.''\'\"'*- V !''V 

. 45 5) R 7 represents a hydrbgeri atom; a linear or branched Ci ^Cs alkyl group; a phenyl group; a 

halogen atom selected from fluorine, chlorine and bromine; a Ci -Cs alkoxy group, a phenoxy group; 
6) P represents a monocyclic or polycyclic arenic nucleus, of the benzene, naphthalene, quinolitie, 
isoquinoiine or cumarine type which can be respectively represented with the formulae (II), (III), (IV), 
: (V)and (VI): : , , 
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75 



1 20, 



Uv 25 

' ; 'f'i . • 



30 





wherein: ; ' \''r\f^ /• ' •. • v \ ■■' .;'/■': yi. . ■ ' ." • * "' ','■'] ; ~ 

6a) at least two contiguous substituents from R 8 to R 13 , R 1 * to R 2 \ R 22 to R 28 , R 30 to R 35 , R 36 to. 
R 41 represent the fusion sites with the oxazinic ring, 
6b) the substituents from R 8 to R 41 have the meaning defined in point 2)p 

7) at least two of the substituents selected from R-R 41 represents an R* 2 group, a -COOR 42 , 
-CONHR 42 , -CONR 42 R* 3 - COR* 2 , OH-CH-R 42 , 0H-C-R* 2 R 43 , -OR 42 , -NHR 42 , -NR 42 R 43 , -SFl 42 . - 6- 
(CH 2 )n-COOR 42 , -0-(CH 2 ) n -CONHR 42 , -0-(CH 2 )-CONR* 2 R 43 group, wherein n vanes from 0 to 10 
and R 42 and R 43 can be independently a linear or branched C e -C 3 o alkyl groups a C6-C30 alkyl 
group substituted with 1-30 halogen atoms selected from fluorine, chlorine, bromine or iodine; a C6- 
C30 alkenyl group, r •< 

8) the substituents Rl-R 41 can otherwise be groups ! v 



40 



45 



50 




wherein m is an integer from 0 to 10. 



55 



Photochromatic and thermochromatic. compounds belonging to the group of spiro-indoline-oxazines, 
according to Claim 1, whose preferred forms, referring to general formula (I), are those wherein: .-. / 

R represents a methyl, ethyl, benzyl, ,2-allyl, 2-hydroxyethyl, 2-methoxyethyl or. 2-carbok-; ; 

ymethylethyl group; ; f . . . • 

.- R 1 to R 4 , the same or different, each independently represent the hydrogen atom, a fluorine, . 



13 



45. 



50 
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15 



chlorine or. bromine atom, a methyl, isopropyl, trifjuorom ethyl, hydroxymethyl, benzyl, hydroxy, 
methoxy, amino, piperidino, morpholino, carbbxyl. carboxymethyl, N.N-d.imethylcarboxyamide. 
cyaho, nitrq or phenyl group; 

R s and R s , the same or different, each independently represent a methyl or phenyl group, or, 
together with the carbon atom to which they are linked, jointly represent the cyclohexyl group; 
R 7 represents the hydrogen atom,' chlorine atom or phenyl! methyl or methoxy group; 
P is one of the groups with formula from (II) to (Vi) wherein: 

two contiguous substituents from R 8 to R 13 , R 14 to R 21 j R 22 to R 28 , R 3( ? to R 35 ; R 3G to R 41 \ 
independently represent the fusion sites with the oxazinic ring in general formula (I) and the 
others each independently represent the hydrogen atom, a fluorine, chlorine or bromine atom, a 
methyl, isopropyl, triflupromethyl, hydroxymethyl, be.nzyl v h mejhoxy, amino, piperidino, 

morpholino, carboxyl, carboxymethyl, N, N-di methyl carboxy amide, cyario, i nitro, phenyl, acetyl or 
benzoyl group; . \ --.'V. 

two contiguous substituents ( from . R 8 to R 13 ; R H to R 21 , R 22 to R 28: . R 30 to R 35 . R 3G to R 41 
represent the fusion sites with a benzenic or quinonic ring; 

at least one of the substituents from R-R 4i represent what has already been described in point 7). 
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Photochromatic and thermochromatic compound belonging to the group of spiro-indoline-oxazines, 
according to Claim 2, haying the. formula: 

- 1 ,3-dihydro»6 , -N[2(6ctadecahoyloxy)ethyl] piperazino-i,3,3-trimethyi spiro [2H indole-2,3'-[3H]- 
naphtho-(2,1b)-(1,4) oxazine] (la). 



25 



Photochromatic and thermochromatic compound belonging to the group of spiro-indoline-qxazines; 
according to Claim 2, having the formula: -"p ; ■ ' { • ? 

- - 1 .S-dihydro-^-dodecyloxyri ,3,3-trimethyl spird [2H indole^.S^fSHl-naphth-^.l b)-(1 ,4) oxazine] 



30 



35 



5. v Photochromatic; and -therm belonging to the group of spiro-indolihe-pxazin • 
\r : : : : according to Claim 2, having the formula: v ?- j ' ^^^V 't.^ ' ~-'\'\ ; -. 

v - ■ 1 ,3-dihydro-9'-(ocrtadecyioxy^ spiro RH indole-^S^ISHl-naphth^.l b)-(1 ,4) 

oxazine] (Ic). 4 ■ >y?C-'-::: • ' T.''...-.. : ?'- 6 V .. v.< . ■ 

6. Photochromatic polymeric composition composed of at least one compound having general formula (I) 
and at least one polymer selected from high density polyethylene, low density polyethylene, ethylene- , 
vinylacetate copolymer, polyether amides, polymethyl methacrylate, polyvinyl alcohol, polyvinyl butyral, v '. : 
cellulose acetate butyrate, epoxy, polysildxane or urethane resins, polycarbonate, polydiethylene glycol 
bis(allyl carbonate). ; .•;•"* • . ■ i"\ ,;. .' v " r . .". •"• 



40 



7. Photochromatic polymeric composition, according to Claim 6, composed of at least one compound , 
haying general formula (I) and low density polyethylene. 
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